Introduction
Cyanide is a rapidly acting and lethal poison. This compound is a glycoside formed by condensation of the hydroxyl group of the cyanohydrin derivative and D-glucose, which are present in more than 2600 species, including approximately 26 economically important crops, such as linseed, cassava, and bitter almond 1, 2 . Bitter almond kernel contains a colorless and crystalline glucoside known as amygdalin 3 . In addition, this kernel contains an enzyme that may release hydrocyanic acid HCN and benzaldehyde when chewed or crushed 4, 5 . In intact plants, these compounds are accumulated in the cell vacuoles of the plant tissue, separating them from their hydrolyzing enzymes, specifically β-1,6-glycosidases and hydroxynitrile lyases 6 .
HCN is recognized as a lethal compound worldwide 7, 8 . The reported lethal dose of HCN is 1 mg kg 1 by body weight , and many countries have strictly posed this limitation in food and water 9, 10 . Hence, determination of HCN content in bitter almond oil is important. Over the past several years, various methods and techniques have been used to determine the cyanide content of flax seed, water, thrombin inhibitor, Sugihiratake mushroom, seawater, and swine plasma 11 16 . Most of these methods commonly involve the evolution and trapping of gaseous hydrogen cyanide acid and subsequent spectrophotometric determination by an autoanalyzer 17 . Amygdalin and prunasin in plasma and urine have been separated by high-performance liquid chromatography HPLC , and the identity of an amygdalin metabolite with prunasin has been confirmed by mass spectrometry 18 . Cyanogen content is determined by gas chromatography and mass spectrometry GC-MS based on enzymatically derived benzaldehyde or several direct methodologies GC-MS or HPLC 19 . However, most of the developed instrumental methods are laborious and time consuming. Acid hydrolysis and picrate method are complemental techniques for cyanogen determination 20 22 . However, the procedure needs 16 h of hydrolysis at 30 prior to the picrate reaction. In the Chinese National Standard CNS method GB/T 5009.36-2003 for cyanide determination, the sample becomes turbid when a color agent is added because of the reaction between benzaldehyde in distillation solution and pyrazolone; this turbidity severely affects the accuracy of determination 23 .
The present study aims to improve the method for determination of cyanide in bitter almond oil by using isonicotinic acid-pyrazolone. The conditions for the determination of cyanide in bitter almond oil were optimized, and the method was verified. These results could provide a useful reference to improve the method of cyanide determination in bitter almond oil.
Yangling, Shaanxi, China. To obtain oil with different HCN contents, crude bitter almond oil and soybean oil were mixed at different volume ratios 1:3, 1:1, and 2:1 v/v . Afterward, crude bitter almond oil, refined bitter almond oil and the mixture 2:1, 1:1, and 1:3 v/v were marked as S1, S2, S3, S4, and S5, respectively.
A stock of standard solution 0.5 g/L CN was prepared by dissolving 1.25 g of KCN Shuguang Chemical Group, Anhui, China in 0.l mol/L NaOH Bodi Chemical Co., Ltd., Tianjin, China , and the volume was added until 100 mL. This solution was stored in an amber glass flask in a refrigerator, standardized weekly by an argentometric method, and then renewed monthly. Working solutions were prepared daily by diluting a stock solution of 0.1 mol/L NaOH. The n-hexylamine was purchased from Tianjin Chemical Company, Ltd. Tianjin, China . All chemicals and reagents used were of analytical grade.
Determination principle and standard calibration
The standard curve of cyanide determination was obtained by CNS method GB/T 5750.5-2006 for cyanide determination. Cyanide in the samples was hydrolyzed when the samples were soaked in water and then subjected to steam distillation in an acidic solution. The distilled HCN was absorbed by an alkaline solution. In the solution with pH 7.0, the cyanide was converted to cyanogen chloride with chloramine T. Cyanogen chloride reacted with isonicotinic acid-pyrazolone to form a blue dye. Absorbance was obtained at 638 nm. On the basis of Beer-Lambert law, the cyanide content in the samples was determined in accordance with standard calibration.
Various volume of standard solution 0.5 g/L CN was diluted with 1 g/L sodium hydroxide solution to 10.0 mL to 25 mL colorimetric tube at 0, 0.2, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0 mL. Afterward, 5.0 mL of the phosphate buffer, 0.25 mL of the chloramine T and 5.0 mL of the isonicotinic acid-pyrazolone was added, respectively. The formation of a blue color was read spectrophotometrically at 638 nm against a regent blank to varying concentrations of 0 to 0.8 mg/L. Then the standard calibration was drawn y 0.0814x-0.031, R 0.9954 , and the cyanide content of the bitter almond oil was determined.
Optimization studies
The volume ratio of hydrochloric acid HCl to bitter almond oil, holding time for hydrolysis, and volume ratio of distillation solution to bitter almond oil were optimized. The adopted experimental conditions were selected between the analytic conditions and the cyanide content in bitter almond oil.
Effect of volume ratio of HCl to bitter almond oil
A 10 mL sample 9.26 g of bitter almond oil was added to 150 mL of distilled water in a round-bottomed flask.
Various volume ratios of 2 N HCl to bitter almond oil v/v were determined at 1:1, 1.5:1, 2:1, 2.5:1, and 3:1. Afterward, HCl was added to the flask, and the stopper was quickly tightened. The sample was held for 120 min at ambient temperature and stirred continuously. A 5 mL aliquot of sodium hydroxide solution 10 g/kg was used as absorption solution. The volume ratio of distillation solution to bitter almond oil v/v was 8:1, and the distillation time was about 120 min. The distillation solution was diluted with distilled water to 100 mL and then mixed well. Subsequently, 10 mL of the solution was obtained to determine the absorbance by using the isonicotinic acid-pyrazolone method. All experiments were carried out in triplicate.
Effect of holding time
A 10 mL sample of bitter almond oil was added to 150 mL of distilled water in a round-bottomed flask. The volume ratio of HCl to bitter almond oil v/v was 1.5:1. HCl was added to the flask, and the stopper was quickly tightened. The samples were held for 60, 90, 120, 150, and 180 min at ambient temperature and stirred continuously. Approximately 5 mL of sodium hydroxide solution 10 g/kg was used as absorption solution. When heated, the volume ratio of distillation solution to bitter almond oil v/v was 8:1, and the distillation time was about 120 min. The distillation solution was diluted with distilled water to 100 mL and then mixed well. Afterward, 10 mL of the solution was obtained to determine the absorbance by using the isonicotinic acid-pyrazolone method. All experiments were carried out in triplicate.
Effect of volume ratio of distillation solution to bitter
almond oil A 10 mL sample of bitter almond oil was added to 150 mL of distilled water in a round-bottomed flask. The volume ratio of HCl to bitter almond oil was 1.5:1. HCl was added to the flask, and the stopper was quickly tightened. The samples were held for 120 min at ambient temperature and stirred continuously. Approximately 5 mL of sodium hydroxide solution 10 g/kg was used as absorption solution. When heated, the volume ratio of distillation solution to bitter almond oil was 5:1, 6:1, 7:1, 8:1, and 9:1, and the distillation time was about 120 min. The distillation solution was diluted with distilled water to 100 mL and then mixed well. Subsequently, 10 mL of the solution was taken to determine the absorbance by using the isonicotinic acidpyrazolone method. All experiments were carried out in triplicate.
HPLC analysis
The cyanide content of the sample was determined using HPLC as described by Sumiyoshi et al. 24 . Cyanide ion was separated from related compounds on an ion-exclusion chromatographic column and then derivatized with two re-agents. o-Phthalaldehyde OPA reacts with cyanide ions and primary amines or primary amino acids to afford highly fluorescent isoindole derivatives. The HPLC conditions were as follows: column, Shimpack SCR-102H polystyrene matrix strong cation exchanger d p 7 μm, 300 mm 8.0 mm I.D. Shimadzu ; eluent, 10 mM ammonium citrate buffer pH 3.3 at a flow rate of 0.8 mL/min; postcolumn derivatization reagent, 0.5 M sodium borate buffer pH 7-13 containing 54 mM OPA methanolic solution flow rate, 0.15 mL/min ; excitation and emission wavelengths of spectrofluorimeter RF-10A , 328 and 370 nm, respectively; and column and mixing coil maintained at 30 -50 in the column oven. Chromatograms were recorded with a Shimadzu Model C-R7A recording integrator.
Precision and accuracy
Different volumes of KCN standard solution 0.5 g/L; 0.04, 0.06, and 0.1 mL were added to 10 mL 9.37 g of soybean oil, which was mixed well with n-hexylamine 25 .
The samples were added to 150 mL of distilled water in a round-bottomed flask. The volume ratio of HCl to bitter almond oil was 1.5:1. HCl was added to the flask, and the stopper was quickly tightened. The sample was held for 120 min at ambient temperature and stirred continuously. Approximately 5 mL of sodium hydroxide solution 10 g/ kg was used as absorption solution. When heated, the volume ratio of distillation solution to bitter almond oil reached 8:1, and the distillation time was about 120 min. The distillation solution was diluted with distilled water to 100 mL and then mixed well. Subsequently, 10 mL of the solution was obtained to determine the absorbance by using the isonicotinic acid-pyrazolone method. All experiments were carried out in triplicate. Different volumes of KCN standard solution 0.5 g/L; 0.02, 0.04, and 0.08 mL were added to 10 mL of bitter almond oil, which was mixed well with n-hexylamine Alalawi, Van, and Sedman, 2005 . The samples were added to 150 mL of distilled water in a round-bottomed flask. All experiments were carried out in triplicate in the above manner.
Veri cation
Cyanide content was determined using the improved isonicotinic acid-pyrazolone method as follows. Exactly 10 mL of S1, S2, S3, S4, and S5 was analyzed according to the operation of precision and accuracy. All experiments were carried out in triplicate. Results were validated by HPLC analysis.
Statistical analysis
ANOVA was performed by using the SAS program Version 9.1 for Windows SAS Institute Cary, NC . Statistical significance was considered at p 0.05. Relative standard deviation RSD is the standard deviation SD divided by average value.
Results and discussion

Effect of volume ratio of HCl to bitter almond oil
The cyanide content in bitter almond with different volume ratios is presented in Fig. 1 . Cyanide content increased with increasing volume ratio until 1.5:1 Fig. 1 . This increase may be due to that the volume ratio was considerably small to hydrolyze adequately the cyanide in the sample. The measurement results were also inaccurate. No significant difference p 0.05 was found among 1.5:1, 2:1, and 2.5:1. Cyanide content decreased at 2.5:1. Excessive HCl was neutralized with the absorbing liquid sodium hydroxide, which affected the absorption of cyanide by the absorbing liquid. Therefore, the volume ratio of 1.5:1 was selected for analysis.
Effect of holding time
As shown in Fig. 2 , cyanide content increased with holding time until 120 min. The hydrolysis time was so short that the cyanide in bitter almond oil was incompletely hydrolyzed. The maximum cyanide content was reached at 120 min holding time. Cyanide content slightly decreased when the holding time exceeded 120 min. The possible explanation was that the HCN produced by hydrolysis overflowed from the vessel when the holding time was prolonged. Hence, the holding time of 120 min was selected for further study.
Effect of volume ratio of distillation solution to bitter
almond oil The cyanide content in bitter almond oil with different Fig. 1 Effect of volume ratio on cyanide determination. volume ratios is presented in Fig. 3 . Cyanide content increased at 5:1-8:1. This result was explained as follows. When the volume ratio was less than 8:1, the HCN produced by complex cyanide was distilled with steam incompletely, which resulted in the error of the determined cyanide content. When the volume ratio exceeded 8:1, cyanide content showed no significant change. This result may be due to that the cyanide in the sample was hydrolyzed completely, and the hydrolyzed product was placed into the solution flask with the steam. Therefore, the distillation solution-to-bitter almond oil ratio of 8:1 was selected.
Precision and accuracy
The recoveries of KCN at different levels of addition of blank samples are presented in Table 1 . As shown in Table  1 , the recoveries of KCN at three concentrations of blank samples were between 93.31 and 96.32 . The RSDs were less than 10 , which satisfies the test requirements and indicates that the established method is feasible.
The recoveries of KCN at different levels of sample addition are presented in Table 2 . Table 2 presents that the recoveries of KCN in the three concentrations of the sample is above 80 . The RSD is less than 10 , which satisfies the requirements and shows that the proposed method is feasible.
Veri cation
The results of HPLC analysis and observed values are presented in Fig. 4 . The measured value of cyanide in the sample was similar to the HPLC result Fig. 4 , which exhibited a slope value close to 1 0.9277 and an R value of 0.9888 SD 0.2015 . These results indicate that the im- Fig. 2 Effect of holding time on cyanide determination. Fig. 3 Effect of volume ratio on cyanide determination. Table 1 Recoveries of KCN at different levels of addition of soybean oil samples n 5 . Table 2 Recoveries of KCN at different levels of addition of bitter almond oil samples n 5 . proved method can be used to determine cyanide content in bitter almond oil.
Conclusions
Many methods have been commonly used to determine cyanide content in edible oil. However, only few studies have determined cyanide in bitter almond oil by using the isonicotinic acid-pyrazolone colorimetric method. This work optimized this method for the determination of cyanide content in bitter almond oil. The optimized parameters included HCl-to-bitter almond oil ratio of 1.5:1, holding time of 120 min, and distillation solution-to-bitter almond oil ratio 8:1 . The improved method is more promising than others because of its many advantages, such as specificity, sensitivity, and the absence of toxic and pungent reagents. Moreover, the obtained samples displayed no turbidity compared with that obtained through the CNS method GB/T 5009.36-2003 . The analytical results of RSD were less than 10 . Under the optimal conditions, the recoveries of the blank sample plus standard and the sample plus standard were less than 8 . The HPLC and measurement results exhibited a significant correlation R 0.9888, SD 0.2015 . Therefore, the improved colorimetric method can be used to determine cyanide content in bitter almond oil.
